
The calibration of Atomic Force Microscopy (AFM) probes is essential to perform accurate force spectroscopy and
nanomechanical measurements.
Using Finite Element Analysis (FEA) approaches, the student will simulate the static and dynamic deflection of AFM
cantilevers and determine the value of the spring constant for arbitrarily shaped probes. Experimental determination of the
spring constant will be also performed using thermal noise methods. The results of simulations and experiments will be
compared, and a protocol based on a combination of numerical simulations and experimental meaurements will be
eventually developed.
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Dimensions and geometry of an AFM cantileverFEA simulation of cantilever deformation See also

results match those of the 2D model [28,29]; which confirms the
validity of the equations obtained in this paper.

During the start of a 3D manipulation on a cylindrical nanoparticle,
the type of motion experienced by the nanoparticle depends on the
magnitude of the applied critical force. Based on this situation, seven
motion modes are possible; whose equations have been expressed in
Eqs. 62 through 68 in Section 2.2.

The critical manipulation force-time diagrams for the seven motion
modes of a stiff cylindrical nanoparticle with 50 nm radius have been
plotted in Fig. 14. In order to investigate the effect of cantilever
geometry on the critical force and time of manipulation, these graphs
have been illustrated in Figs. 14a through 14g for three types of
rectangular, V-shape and dagger cantilevers.

As is indicated by all these figures, the highest amounts of critical

force and time for the onset of manipulation in each motion mode are
obtained for the dagger cantilever; and the critical force and time
values achieved for the V-shape cantilever are less than those for the
dagger cantilever.

However, the lowest amounts of critical force and time needed for
the onset of cylindrical nanoparticle movement are associated with the

Fig. 7. Displacement due to the longitudinal force in: (a) rectangular cantilever, (b) V-shape cantilever, (c) dagger cantilever.

Table 1
Comparing the results due to the longitudinal force in different geometries of cantilever.

Cantilever Rectangular V-shape Dagger

Amount of displacement from the FE
software results (µm)

2.443*10−5 4.126*10−5 4.391*10−5

Amount of displacement from the
results of the Matlab programming
(µm)

2.388*10−5 4.010*10−5 4.565*10−5

Percentage difference (%) 2.25 2.8 4

Fig. 8. Comparing the longitudinal force applied on cantilever tip for different
geometries.
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lent deflection of the V-shaped cantilever in each direction has been
obtained. In the following, the results of the computations related to
the effects of forces and moments applied on the V-shaped cantilever in
three directions have been presented.
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Ultimately, the relations of forces and moments with displacements
and angular changes in the V-shape cantilever are expressed as the
following stiffness matrix:
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In the above matrix, w w α′ = cos , I w t= (2 ′)1
12

3, I w t′ = (2 ′)1
12

3 . A is
the cross sectional area of the cantilever and A w t= 2 ′ . The rest of the
parameters have been specified in Fig. 2.

2.1.3. Dagger-shape cantilevers
In order to simplify the geometry of the dagger-shaped cantilever, it

has been divided into two triangular and rectangular sections, which
are modeled as two serial springs connected to each other. A dagger-
shaped cantilever has been illustrated in Fig. 3.

For computing the stiffness values along each direction, similar to
the approach presented for the V-shaped cantilever, the resultant
methods as well as the equivalent deflection method have been
employed to obtain the displacements and angle changes. The obtained
results for the displacements and angle changes of the dagger-shaped
cantilever in three directions have been presented in the following
sections.
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Fig. 3. Dagger-shape cantilevers.
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